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Background: The elderly population has the highest number of in-patient claims accounting for over 40%
of in-patient medical expenses in Taiwan, and infectious diseases are one of the most common causes of
hospitalization in elderly patients. The aims of the study were to identify independent predictors of
mortality, and to develop a simple scoring system for use in a busy clinical medical setting.
Methods: All patients aged 75 years and older presenting to our emergency department or outpatient
clinics who were subsequently admitted due to infections between March and July 2009 were enrolled.
Results: A total of 981 patients were included, and the mortality rate was 9.2%. Logistic regression
revealed seven independent predictors of mortality [odds ratio (95% conﬁdence interval)]: albumin <3 g/
dL [3.72 (1.97e7.00)], creatinine >1.5 mg/dL [2.94 (1.69e5.09)], total dependence on admission [1.64
(1.11e2.43)], systolic blood pressure <100 mmHg [4.46 (2.02e9.84)], white blood cell count 10 or
4  109/L [2.23 (1.23e4.04)], total bilirubin >1.2 mg/dL [2.37 (1.31e4.31)], and malignancy history [2.73
(1.4e5.30)]. These were given weighting by discriminant analysis and used to create a receiver operating
curve with an area under the curve of 0.820. The model was simpliﬁed and each variable was assigned
scores of 3 or 4 to form an index predicting in-hospital mortality. Mortality increased with score: 0.9% for
score <5; 6.9% for 6 to 11; 21.4% for 12 to15, 53.7% for 16 to 19, and all three subjects whose score was
>19 died during hospitalization.
Conclusion: Our scoring system derived from seven readily available variables including activity level,
malignancy history, systolic blood pressure, and a small number of laboratory parameters predicted in-
hospital mortality in oldest-old patients with infections. This system may allow for the identiﬁcation of
high-risk patients soon after admission.
Copyright  2012, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
Open access under CC BY-NC-ND license.LLC.1. Introduction
Globally, the population of the elderly is growing by 2% each
year, considerably faster than the population as a whole.1 In the
more developed regions, almost one-ﬁfth of the population was
aged 60 or older in 2000, and by 2050, this proportion is expected
to reach one-third.1 This trend is consistent with the growing
number of elderly people in Taiwan, which is expected to reach
41.6% in 2060. 2 Moreover, the National Health Insurance Statistics,
20103 reported that the elderly population had the highest in-
patient claims accounting for 44% of in-patient medical expenses
in Taiwan.edicine, Mackay Memorial
aipei 10449, Taiwan.
g).
linical Gerontology & Geriatrics. PInfectious diseases are one of the most common causes of
hospitalization in elderly patients. Epidemiologically, the respira-
tory tract, urinary tract, and soft tissue are the most common sites
of infection.4 Accurate identiﬁcation and risk assessment of elderly
patients with infections is a particular challenge, because symp-
toms and signs tend to be more subtle and masked than in younger
patients.5 Recent studies have shown that early recognition,
aggressive resuscitation, and appropriate antibiotic administration
for patients with infection in the emergency department improves
outcomes for sepsis.6 Therefore, early identiﬁcation of those most
at risk of a poor outcome is important; however, very few studies
have been designed to assist physicians in identifying the elderly
population with the most adverse prognosis.
Several comorbidities, such as cardiovascular disease, diabetes,
stroke, and lung disease signiﬁcantly increase mortality in the
elderly.7 Some studies have demonstrated that, even more thanublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
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these patients is functional status prior to admission.8 As to
infection-related deaths, unstable vital signs, preexisting terminal
illness, and abnormal platelet count have been reported to increase
the risk of mortality.5,9 Several studies have also reported that age,
comorbidity, nutrition status, thenumberof organdysfunctions,10e15
andabnormal glucose level16,17 are themost important predictors for
hospital mortality in patients with infection or sepsis; however,
these studies were not geriatric speciﬁc.
Acute infectious disease is one of the main causes for in-hospital
death of nonagenarians,18 so it is important to develop an outcome
prediction instrument for elderly patients with infection. Such
a tool would help identify the most at-risk patients and guide triage
and treatment decisions. In addition, it should be elderly speciﬁc,
simple to use, and based on information readily available to
physicians. To the best of our knowledge, no hospital-based data in
Taiwan are available on the risk factors for predicting mortality in
elderly patients admitted due to infection. Therefore, the aims of
the present study were to analyze the basic aspects and mortality
rate in the oldest-old patients with infections in Taiwan, to identify
the independent predictors of mortality, and to develop a simple
scoring system for use in a busy clinical medical setting.
2. Methods
2.1. Subjects
This study is a retrospective analysis performedat ametropolitan
tertiary-care hospital with the largest number of medical, surgical
and intensive specialties in northern Taiwan. The inclusion criteria
included all patients aged 75 years and older presenting to the
emergency department or outpatient clinics, who were subse-
quently admitteddue to infection betweenMarch and July 2009.We
initially collected all 7 discharge international classiﬁcations of
disease (ICD revision 9, the web site is http://www.cdc.gov/nchs/
icd/icd9.htm) diagnoses codes from the patients hospitalized
during this time.We then enrolled eligible patientswhose diagnosis
was consistent with an infectious disease (ICD 9 code, 0090: infec-
tious colitis, enteritis, and gastroenteritis; 0092: infectious diarrhea;
038: septicemia; 320: bacterial meningitis; 481e486: pneumonia,
49121: obstructive chronic bronchitis with acute exacerbation;
4941: bronchiectasis, with acute exacerbation; 513: lung abscess;
540: acute appendicitis; 56211: diverticulitis of colon; 567: perito-
nitis; 57400: calculus of gallbladder with acute cholecystitis; 575:
cholecystitis; 5761: cholangitis; 590: pyelonephritis; 595: cystitis;
599: urinary tract infection; 682: cellulitis and abscess).
2.2. Deﬁnitions and subject assessment
The staff took the patients’ history and performed a thorough
physical examination including the activity level when the patients
were admitted, and vital signs were also collected at the same time.
Blood tests including hemoglobin, white blood cell (WBC) count
and differential, platelet count, liver function test (alanine trans-
aminase, aspartate transaminase, total bilirubin), renal function
test (creatinine), plasma glucose, albumin, total cholesterol, uric
acid, and C-reactive protein were measured within 12 hours after
admission. Two blood samples for culture before administration
were also collected of antibiotics, and a positive blood culture was
deﬁned as one or more positive cultures for a commonly accepted
pathogen or two positive cultures for coagulase-negative staphy-
lococci or Candida spp.
Infections were classiﬁed according to the source, including
lower respiratory tract, intraabdominal, urinary tract, skin and soft
tissue, and mixed sources. Cases of suspected infection with noclear source, such as patients admitted for sepsis were classiﬁed as
unrecognized. The demographic data collected included sex, age,
smoking, and alcohol drinking habits. Whether or not the patient
had had a fever of more than 38 C in the 10 days prior to admission
was also recorded. Comorbidities included diabetes, heart disease,
malignancy, and chronic lung disease. The main outcome variable
was in-hospital death.
2.3. Data analysis
A descriptive analysis of the data regarding infection source and
culture was carried out, and various clinical and laboratory vari-
ables chosen to test their association with in-hospital death. The
means of continuous variables were compared using independent
Student t tests, and the Chi-square test was used for categorical
variables. Multiple logistic regression models were created to
determine the independent predictors of all-cause mortality.
Statistical signiﬁcance was set at p < 0.05. All data analyses were
performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
Cut-off values of the signiﬁcant continuous variables for pre-
dicting in-hospital death were set according to commonly accepted
reference values and previous studies.5,9,11,13 They were adjusted
them using binary categories of risk factors and the analysis was
performed iteratively for all-cause death tomaximize the statistical
power. All eight independent risk factors were then subjected to
discriminant analysis using SPSS to give a standard weighting
coefﬁcient for each variable. These weightings were used to
construct receiver operating characteristic curves to examine the
relationship between sensitivity and speciﬁcity, and to determine
whether the area under the curve was high enough to construct
a useful predictive model.19 The model was restricted to include
seven of the most highly weighted variables (excluding age) and
the weightings were empirically rounded up or down, so that these
could be added together to give a maximum score of 25.15,20 Finally
the score for each patient was calculated and divided them into ﬁve
subgroups to determine the utility of the scoring system in pre-
dicting in-hospital death in this population.
The study was conducted following the ethical principles out-
lined in the Declaration of Helsinki, and it was approved by
Scientiﬁc Research Ethics Committee of the hospital. It was not
possible to obtain formal informed consent from these patients due
to particular design of the study.
3. Results
During the study period, there were a total of 3945 oldest-old
patient admissions, and 981 (24.9%) were enrolled in the study.
The mean  SD age was 83.2  5.9 years, 51% were female, and the
mortality rate was 9.2%. Respiratory tract infection was the most
common infectious source regardless of the outcome, followed by
the urinary tract infection and mixed infection source. With
regards to blood cultures, there were predominantly negative
results in both survivors and nonsurvivors, and Gram-negative
microorganisms were the most commonly isolated from positive
cultures.
The characteristics of the study patients that were signiﬁcant
predictors of in-hospital death on a univariate basis are described in
Table 1. The total admission fee of those who died in hospital was
nearly double that of those who remained alive during hospitali-
zation. Older age, female gender, malignancy history, and total
dependence on admission were signiﬁcantly associated with
mortality. Neither smoking nor the majority of comorbidities were
associated with death, whereas systolic blood pressure (SBP) and
a number of laboratory values proved signiﬁcant in univariate
analysis.
Table 2
Adjusted odds ratios of variables predicting in-hospital mortality in oldest-old
patients admitted due to infection.
Variables Odds ratio 95% CI p
Age (y) 1.06 1.02e1.11 0.010
Sex (female vs. male) 1.44 0.80e2.58 0.227
Activity levels 1.76 1.15e2.69 0.009
Malignancy 3.28 1.63e6.61 0.001
Body temperature (C) 1.05 0.75e1.47 0.784
SBP (mmHg) 1.00 0.98e1.01 0.504
Hemoglobin (g/dL) 1.11 0.93e1.31 0.245
White blood cell (109/L) 1.04 1.00e1.08 0.038
Band form (%) 1.09 1.03e1.16 0.005
Plasma glucose (mg/dL) 1.00 1.00e1.01 0.342
Total bilirubin (mg/dL) 1.30 1.10e1.55 0.002
Albumin (g/dL) 0.16 0.08e0.32 <0.001
Creatinine (mg/dL) 1.32 1.14e1.54 <0.001
Uric acid (mg/dL) 1.07 0.97e1.18 0.210
CI ¼ conﬁdence interval; SBP ¼ systolic blood pressure.
Table 3
Adjusted odds ratios of variables (categorical variables) predicting in-hospital
mortality in oldest-old patients admitted due to infection.
Variables Odds ratio 95% CI p
Age (85 vs.75e84 y) 1.898 1.113e3.238 0.019
Sex (female vs. male) 1.558 0.895e2.714 0.117
Activity levels (total dependence vs. others) 1.641 1.107e2.433 0.014
Malignancy 2.731 1.406e5.304 0.003
Body Temperature (<38 C) 0.740 0.350e1.565 0.430
SBP (<100 mmHg) 4.460 2.022e9.838 <0.001
Hemoglobin (<10 g/dL) 0.788 0.438e1.415 0.425
White blood cell (10 or 4  109/L) 2.230 1.232e4.035 0.008
Band form (>6%) 1.864 0.795e4.372 0.152
Plasma glucose (>180 mg/dL) 1.565 0.797e3.073 0.193
Total bilirubin (>1.2 mg/dL) 2.374 1.308e4.308 0.004
Albumin (<3 g/dL) 3.717 1.973e7.002 <0.001
CI ¼ conﬁdence interval; SBP ¼ systolic blood pressure.
Table 1
Characteristics of the patients aged 75-105 years admitted due to infection in
a medical center.
Characteristics Survivors Nonsurvivors p
Numbers 891 90
Age (y) 83.0 (5.9) 84.8 (5.6) 0.007
Sex (female %) 49.9 61.1 0.043
From emergency room (%) 92.1 91.1 0.730
Length of stay (d) 14.3 (13.2) 15.6 (16.0) 0.366





Smoking habit, current smoker (%) 28.7 28.9 0.975
Alcohol drinking habits (%) 14.8 16.7 0.639
Activity levels (%)
Ambulatory 27.0 10.7 <0.001
Partial dependence 30.5 19.0
Total dependence 42.5 70.2
Comorbid conditions
Diabetes (%) 31.8 30 0.732
Heart diseases (%) 38.6 36.9 0.754
Malignancy (%) 10.8 25 <0.001
Lung diseases (%) 15.9 11.1 0.228
Infection source
Recognized (%) 93.8 89.9
Unrecognized (%) 6.2 10.1 0.151
Blood culture
Positive (%) 14 18.9
Negative (%) 86 81.1 0.212
Vital signs
Fever (>38 C) in recent 10 days 30.1 22.2 0.119
Body temperature (C) 37.0 (0.8) 36.9 (1.3) 0.072
Systolic blood pressure (mmHg) 135.0 (22.9) 124.6 (26.0) <0.001
Diastolic blood pressure (mmHg) 71.0 (13.7) 68.5 (13.5) 0.108
Laboratory values
Hemoglobin (g/dL) 10.6 (2.0) 10.1 (2.0) 0.040
White blood cells (109/L) 10.5 (5.5) 13.2 (11.1) <0.001
Band form (%) 1.1 (2.8) 2.7 (6.1) <0.001
Platelet (109/L) 239.6 (115.8) 229.3 (121.0) 0.429
Plasma glucose (mg/dL) 126.7 (55.4) 137.0 (57.0) 0.096
Total bilirubin (mg/dL) 1.0 (0.9) 1.8 (3.5) <0.001
ALT (U/L) 33.0 (72.0) 62.5 (144.7) 0.001
AST (U/L) 40.5 (99.1) 132.0 (387.3) <0.001
Albumin (g/dL) 3.0 (0.5) 2.6 (0.5) <0.001
Total cholesterol (mg/dL) 140.8 (41.0) 130.8 (65.0) 0.041
Creatinine (mg/dL) 1.6 (1.5) 2.5 (2.0) <0.001
CRP (mg/dL) 14.8 (15.8) 23.6 (26.4) <0.001
Uric acid (mg/dL) 5.9 (2.6) 7.0 (3.5) 0.001
Values of continuous characteristics are expressed as mean (SD).
ALT ¼ alanine transaminase; AST ¼ aspartate transaminase; CRP ¼ C-reactive
protein.
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band form percentage, total bilirubin, albumin, and creatinine
(continuous variables) were independent predictors of mortality
(Table 2). In order to assign point values for clinical decisions, the
data were analyzed iteratively using binary categories of these
continuous variables for all-cause mortality. Therefore, an adjusted
multiple logistic regression model was constructed using all of the
binary categories, which revealed that eight variables were inde-
pendently correlated with the risk of death (Table 3): age 85
years, total dependence on admission, malignancy history, SBP
<100 mmHg, WBC count 10 or 4  109/L, total bilirubin
>1.2 mg/dL, low albumin <3 g/dL, and creatinine >1.5 mg/dL. The
AUC for the model was 0.826 (Fig. 1, AUC-1), which is very good
diagnostic accuracy, supporting the construction of a multifactorial
scoring system with these variables.
Seven of the most highly weighted variables (excluding age)
were selected by discriminant analysis, and the weightings given
for the seven variables are summarized in Table 4. The abbreviatedscoring system for malignancy history, activity level, SBP, and four
laboratory variables was also documented by changing the coefﬁ-
cients to appropriate integers to maximize the AUC. The rounding
of these weightings to scores summated to 25, and the ROC curve
produced using this simple scoring system had an excellent AUC of
0.820 (Fig. 1, AUC-2), suggesting it was consistent with that pre-
dicted from the full regression model of 0.826.
When the clinical prediction rule was applied to these oldest-
old patients, it stratiﬁed patients into ﬁve risk groups with
increasing mortality rates. Fig. 2 shows the mortality rates for each
risk level. The risk of in-hospital death increased with the scores on
admission: 0.9% [95% conﬁdence interval (CI) ¼ 0.2e2.6%] for
scores <5 (low risk), 6.9% (95% CI ¼ 4.8e9.7%) for scores 6 to 11
(moderate risk), 21.4% (95% CI ¼ 14.2e30.2%) for scores 12 to 15
(high risk), 53.7% (95% CI ¼ 37.4e69.3%) for scores 16 to 19 (very
high risk), and all 3 subjects whose score was >19 died during
hospitalization. Most of the patients were in the lowest two risk
groups; 35.5%, 47.9% for lowandmoderate risk, respectively. The in-
hospital mortality rate of the oldest-old patients with infections
increased signiﬁcantly when the scores were >11.
4. Discussion
To the best of our knowledge, the present study is the ﬁrst to
demonstrate a simple scoring system to predict the risk of in-
hospital death among elderly patients with infections in Taiwan.
This system was able to stratify the oldest-old patients admitted
due to infection according to the risk of in-hospital death. Seven
independent predictors for death were identiﬁed: malignancy
history, total dependence on admission, SBP <100 mmHg, and
Fig. 2. Mortality rate according to the scores evaluated on admission.
Fig. 1. Receiver operating characteristic (ROC) curve and relevant area under the curve
(AUC) applied for groups of variables using standard weighting coefﬁcients to predict
in-hospital mortality. AUC followed by 95% conﬁdence intervals are shown. AUC-1:
Scores from analysis of 8 variables (discontinuous); AUC-2: Scores from analysis of
simpliﬁed scores of 7 variables (continuous).
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dL), total bilirubin (>1.2 mg/dL), and creatinine (>1.5 mg/dL). Each
variable was given a weighting of 3 or 4, and mortality increased
signiﬁcantly if the total score was >11. The scoring system derived
from seven readily available parameters may be helpful in the
identiﬁcation of a high-risk subgroup soon after admission.
In our analysis, 24.9% of all oldest-old patient admissions were
due to infection, and the mortality rate was slightly higher than
average (9.2% vs. 8.2%). Moreover, infection is the major cause of
death in the end stage of many diseases, such as malignancy,or
heart, liver, or renal disease.21 Mortality in the elderly with severe
infection is even higher with rates ranging from 21% to 37% for
bacteremia, 10% to 53% for pneumonia, and 6% for urinary tract
infections.5 The lower respiratory tract and urinary tract were the
most common sources of infection in our study, consistent with
epidemiological surveys on elderly populations.4
The difﬁculty in identifying a high-risk group among the elderly
demonstrates the need to identify independent predictors of death
in geriatric patients with infections. One of the difﬁculties is the
unique characteristics of infection in older people, such as impaired
immune response, which is due to failed antigen processing by
leukocytes and altered inﬂammatory cytokine expressions.22
Physical examination ﬁndings, presence of fever,23 laboratory
abnormalities, and vital sign abnormalities are more masked in the
elderly than in younger adults, and this is true across a variety ofTable 4
Discriminant analysis coefﬁcients for each variable in the dataset.
Variables Coefﬁcient Score
Albumin (<3 g/dL) 0.522 4
Creatinine (>1.5 mg/dL) 0.451 4
Activity levels (total dependence) 0.411 4
Systolic blood pressure (<100 mmHg) 0.408 4
White blood cell (10 or 4 109/L) 0.374 3
Total bilirubin (>1.2 mg/dL) 0.339 3
Malignancy 0.329 3
Total score d 25infections, such as pneumonia, urinary tract infection, bacteremia,
and sepsis.5
Infection-related death is usually a complex process, and many
studies have demonstrated clinical prediction rules for infectious
syndromes, which have less accuracy in geriatric patients, espe-
cially in oldest-old patients such as those in our study. Age has been
shown to play an important role in infection associated mortality in
many studies.12,14,21 This was also shown in our study in that the
mortality rate for those aged>85 was 1.9-fold higher than for those
aged between 75 and 84 years. However, its signiﬁcance decreased
when other confounders were included, which is consistent with
previous reports.24 In addition, some comorbidities such as dia-
betes, and heart and lung disease have been associated with
increased mortality in population-based studies; however, we
observed that malignancywas the only comorbidity strongly linked
to hospital mortality. It seems likely that the evidence of acute
organ dysfunction (cardiovascular, liver, and renal failure) over-
whelms the contributions of other chronic diseases.
With regards to activity level, the total dependence on admis-
sion was associated with higher mortality in our study and inde-
pendently predicted in-hospital death. Furthermore, functional
status prior to hospitalization had an even greater impact than
comorbidities,8 and it also had an inﬂuence after discharge. On the
other hand, some studies related to the prediction of mortality in
infection or sepsis have found that many laboratory variables are
linked to an adverse prognosis, such as thrombocytopenia and
thrombocytosis,9 abnormal WBC count with increased band form
percentage,12,21 low cholesterol and albumin levels,10,11 abnormal
glucose level,12,16,17 and high values of blood urea nitrogen, creati-
nine, and total bilirubin.12,13 Nevertheless, those hospital-based
surveys were only applicable to the general population and
usually speciﬁc to one kind of infection or sepsis.
Many severity indices or scoring systems have been developed
for the prediction of mortality from infections, such as the pneu-
monia severity index (PSI),25 sequential organ failure assessment
score, and the mortality in emergency department sepsis score.15
However, these outcome prediction models were either inten-
sive care unit or emergency department derived, and they were
neither geriatric speciﬁc nor accurate for general admission. For
example, the PSI is the most widely used prediction index of
mortality in community-acquired pneumonia (CAP), but studies
have found it to be less useful in the elderly because it over-
estimates mortality.26
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discriminant analysis can predict the risk of in-patient death among
unselected hospital admissions using laboratory data that are
routinely collected on admission.20 Their study conﬁrmed that
combinations of abnormalities had stronger associations with in-
patient death than a single abnormality.27 Moreover, Silke et al
used a similar approach to model construction, using a formula to
combine the weighting coefﬁcients of selected model variables to
produce a rounded empirical scoring system.28
We undertook a new approach that analyzed possible risk
factors of in-hospital death in elderly patients with infection. The
inclusion criteria were broad and attempted to identify all oldest-
old patients with infections from the emergency department and
outpatient clinics, which is different from all previous studies. We
constructed a new scoring system that adopted the seven most
discriminant variables and changed them to only two scores, “3” or
“4” by discriminant analysis, which is easy to remember. The
scoring system was derived from seven readily available variables
representing the most important organ systems. It is simpliﬁed and
appropriate for bedside use, either from the physician’s memory or
with a simple note.
An additional strength of the study is that a high percentage
(83.3%) of these oldest-old patients were stratiﬁed as low to
moderate risk. Previously developed infectious disease scoring
indices, such as the PSI, have been used to identify low-risk patients
in CAP.25 However, the PSI tends to deﬁne a large proportion (70e
85%) of elderly with pneumonia in the highest-risk group.26 In
these elderly patients, use of the scoring system will affect few of
them. In the current study, approximately 80% of the patients were
stratiﬁed in the low to moderate risk groups.
There are some potential limitations to this study. First, the
mortality rate may be underestimated because Taiwanese favor
dying at home, resulting in the decreased strength of these predic-
tors. Second, the incidence of certain infections differs by season. For
example, CAP has seasonal variability in Taiwan,29 which possibly
had an impact on the patient composition in our study. Third, the
administrative data used in this study were recorded from one
hospital, which limits the generalizability of our ﬁndings, and
prospective validation on a different population is required. There-
fore, further studies about in-patient and 1-month postdischarge
outcomes from other populations are warranted, which will reﬂect
more real mortality when using the prediction scoring system.
In conclusion, this retrospective analysis of oldest-old patients
with infections identiﬁed several independent risk factors associated
with in-hospital death. The prediction scoring system was derived
from seven readily available variables including the activity level,
malignancy history, SBP, and a small number of laboratory parame-
ters (WBC count, albumin, total bilirubin, creatinine). It allowed for
the identiﬁcation of a high-risk subgroup soon after admission,
which is critical for physicians in risk assessment, treatment, and
disposition of such patients in a busy clinical medical setting.
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